Transition state energy for k 1 = k 2 Let us start with properly generalized Equations 1 for the parabolas in Figure 2 of the manuscript,
and find the intersection by solving,
then we get the analytical solution
and rewriten it as,
it is apparent that the first term of the Taylor expansion (valid for k 1 ≈ k 2 ) are
2(k 2 x 2 − k 1 x 1 ) , and
S2
From the analytical solution we found the transition state energy
whose first order term of their Taylor expansion, ∆G † + (for k 1 ≈ k 2 ) is presented in Equation   4 of the manuscript.
In comparison with the symmetric Marcus-Hush theory, the existence of two distinct curvatures (k 1 = k 2 ) introduces two intersection points between the parabolas ( Figure S1 ).
The left intersection point has coordinates (x a , G(x a )), and the physically pointless energy barrier can be estimated by ∆G xa = G(x a ) − G Table 2 of the manuscript. From the knowledge of the analytical parameters the energy barrier for the parabolas in Figure S1 can be obtained. Results are summarized in Table S1 where the last two columns show the data obtained by means of the Taylor series approximation (Equation 4 of the manuscript).
From the data in Table S1 , the consistency between the Taylor expansion solution (Equation 4 of the manuscript that yields Marcus-Hush formula when k 1 = k 2 ) and the analytical one can be checked. The result is remarkable because the x + value obtained by means of the Taylor expansion is far from both the unphysical and physical solutions. Hence the approximated value (∆G † + ) is far from the analytical result (∆G † ). It should also be mentioned that the first order Taylor expanded x − solution is even worse, as expected from the divergence of the corresponding expression (x − = 4.487 and ∆G † − = 0.4455).
We emphasizes that the approximate solution presented in equation 4 of the manuscript is accurate only in the vicinity of k 1 ≈ k 2 , and any deviation from that situation leads to wrong values, as can be concluded from the results shown in Table S1 . For this system S3 the ratio between curvatures is k 1 /k 2 ≈ 2.02, and the value obtained by the approximate solution is two orders of magnitude larger than the analytical result. 
S4
Energetic properties of the studied molecules Table S4 : Differences between data calculated withλ 1 andλ 3 plotted in Figure  7 of the paper. 
S9
Calculation of the activation energy of D1-A1 pair
First we remember that the reaction we consider is
We follow Figure 1 of the manuscript. Computation of the minimun of the left parabola,
, requires the ground state of the neutral A1 species (−845.6953 Ha from Table S2 above) and the ground state of the anionic D1 species (−467.8589 Ha from Table S3 above).
Suming these two Free Gibbs energies we get
Conversely, computation of the minimun of the right parabola, G 2 (x 2 ), requires the ground state of the anionic A1 species (−845.7733 Ha from Conversely, computation of G 1 (x 2 ), requires a single point calculation of the neutral A1 species but in the coordinates of the anionic ground state of A1 (−845.6819 Ha from Table   S3 above) and a single point calculation of the anionic D1 species but in the coordinates of the the neutral ground state of D1 (−467.8511 Ha from Table S2 above). Suming these two
Free Gibbs energies we get G 1 (x 2 ) = −1313.5330 Ha. Now, computation of the reorganization energies requires proper equation similar to S10 equation 3 of the manuscript. First we proceed to compute λ 1 through
λ 1 = −1313.6617 + 1313.5542 + 0.1311 = 0.0236 Ha and to compute λ 2 we use Figure S10: Variation of the relative error in the calculation of the transition state energy (∆G † ) from Marcus formula with λ 1 ,λ 1 ,λ 2 ,λ 3 andλ 4 with respect to the reference λ 2 , as a function of the reorganization energies ratio, λ 1 /λ 2 . Values for all the 120 DA pairs are shown. Top: λ 1 < λ 2 case. Bottom: λ 1 > λ 2 case.
